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pages as originally filed/furnished 
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Box No. V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability- 
citations and explanations supporting such statement 


i. statement 




Novelty (N) Claims 1-54 


YES 


Claims 


NO 


Inventive step (IS) Claims 1-54 


YES 


Claims 


NO 


Industrial applicability (IA) Claims 1-54 


YES 


Claims 


NO 


2. Citations and explanations (Rule 70.7) 




None of the citations listed in the ISR discloses an ICPT pick-up resonant circuit as defined in claims 1, 28 and 
37 where the ICPT pick-up circuit is selectively tuned and detuned depending on the sensed load condition 
Claims 2-27 29-36 and 38-54 appended to claims 1, 28 and 37 claim additional features and hence the invention 
detmed m claims 1 -54 is considered to be novel and involves an inventive step. 


The closest art is found in the following documents: 




(a) US 5450305 A 




(b) US 5898579 A 
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frequency drift can significantly affect the tuning of pick-ups, especially those that use 
fixed frequency tuning. This reduces the ability of the system to effectively transfer power. 
Frequency drift can be caused by many factors: The most obvious is load change, but 
circuit parameter variations can also be significant. 

One approach to compensate for frequency variations in the primary conductive path 
caused by load changes is to provide a plurality of individual capacitors and switch 
individual capacitors into or out of the primary power supply circuit. This approach has 
been posed in recently published United States patent application US2003/0210106. This 
has disadvantages in high Q systems because many capacitors are required. Also, load 
variations have to be limited to make the system function effectively. 

Another approach is to use a more complex power supply, such as a third-generation (G3) 
supply, for the primary conductive path. This is expensive and such power supplies are 
not suited to miniaturisation. 

OBJECT 

It is an object of the present invention to provide a method of controlling, or apparatus for, 
an ICPT power supply which will ameliorate one or more of the disadvantages suffered by 
existing systems, or which will at least provide the public with a useful alternative. 

BRIEF SUM MARY OF THE INVENTION 

Accordingly in one aspect the invention provides An ICPT pick-up having a pick-up 
resonant circuit including a capacitive element and an inductive element adapted to 
receive power from a magnetic field associated with a primary conductive path to supply a 
load, sensing means to sense a condition of the load, and control means to selectively 
tune or de-tune the pick-up in response to the load sensed by the sensing means by 
varying the effective capacitance or inductance of the capacitive element or the inductive 
element of the pick-up circuit to control the transfer of power to the pick-up dependant on 
the sensed load condition. 

The control means may include a reactive element and a switching means to allow the 
reactive element to be selectively electrically connected to the pick-up circuit. The control 
means is preferably operable to control the switching means so that the apparent 
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capacitance or inductance of the reactive element Is varied to thereby tune or detune the 
pick-up circuit. 

Phase sensing means may be provided to sense the phase of a voltage or current in the 
resonant circuit whereby the control means may actuate the switching means to allow the 
reactive element to be electrically connected to or disconnected from the resonant circuit 
dependant on the sensed phase. 

The reactive element may comprise an inductor, and the phase sensing means can sense 
a voltage in the resonant circuit and the switch control means is operable to switch the 
second switching means to electrically connect or disconnect the inductor to or from the 
resonant circuit a predetermined time period after a sensed voltage zero crossing. 

The reactive element may alternatively comprise a capacitor, and the phase sensing 
means can sense a voltage in the resonant circuit and the switch control means is 
operable to switch the second switching means to electrically connect or disconnect the 
inductor to or from the resonant circuit a predetermined time period after a sensed voltage 
zero crossing. 

Frequency sensing means are preferably provided to sense the frequency of the resonant 
circuit. This may allow the control means may actuate the switch means to allow the 
reactive element to be electrically connected to or disconnected from the resonant circuit 
dependant on the sensed frequency to alter the natural resonant frequency of the 
resonant circuit. 

The phase sensing means may also sense the frequency of the resonant circuit. 

The control means may actuate the switch means to allow the reactive element to be 
electrically connected to or disconnected from the resonant circuit dependant on the 
sensed frequency to alter the natural resonant frequency of the resonant circuit. 

Where the reactive element comprises an inductor, the control means is adapted to 
activate the second switching means to connect the inductor to the resonant circuit after 
the predetermined time period following a voltage zero crossing has elapsed, and allow 
the second switching means to be deactivated when the voltage again reaches 
substantially zero. The control means is capable of varying the predetermined time period 
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between substantially 0 electrical degrees and substantially 180 electrical degrees, and 
most preferably between substantially 90 electrical degrees and substantially 150 
electrical degrees. 

Where the reactive element comprises an capacitor, the control means is adapted to 
activate the second switching means to disconnect the capacitor from the resonant circuit 
after the predetermined time period following a voltage zero crossing has elapsed. The 
control means is capable of varying the predetermined time period between substantially 
0 electrical degrees and substantially 90 electrical degrees. 

In a further aspect the invention provides An ICPT system including: 

a. A power supply comprising a resonant converter to provide alternating current 
to a primary conductive path of the ICPT system; 

b. One or more secondary pick-ups, each pick-up having a pick-up resonant 
circuit including a capacitive element and an inductive element adapted to 
receive power from a magnetic field associated with a primary conductive path 
to supply a load, sensing means to sense a condition of the load, and control 
means to selectively tune or de-tune the pick-up in response to the load 
sensed by the sensing means by varying the effective capacitance or 
inductance of the capacitive element or the inductive element of the pick-up 
circuit to control the transfer of power to the pick-up dependant on the sensed 
load condition. 

The primary conductive path comprises one or more turns of electrically conductive 
material, and may be provided beneath a substantially planar surface. 

The primary conductive path may include at least one region about which there is a 
greater magnetic field strength than one or more other regions of the path. The path may 
achieve this by having one or more lumped inductances or one or more distributed 
inductances. 

In a preferred embodiment the primary conductive path is mounted adjacent to an 
amorphous magnetic material to provide a desired magnetic flux path. 

The pick-up may also Include an amorphous magnetic material adjacent to the pick-up coil 
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to provide a desired "magnetic flux path. 

In a still further aspect the invention provides a method for controlling power drawn by an 
ICPT pick-up, the method including the steps of sensing a load condition of the pick-up 
and selectively tuning or detuning the pick-up circuit depending upon the sensed load ' 
condition. 

The step of tuning or detuning the pickup circuit preferably includes moving the resonant 
frequency of the pick-up circuit toward or away from a tuned condition. This is most 
preferably achieved by controlling a variable capacitor or inductor. 

The method may include the step of sensing the frequency of a current or voltage in the 
resonant circuit. The sensed frequency may then be compared with a nominal frequency 
for the resonant circuit and tuning or de-tuning toward or away from the nominal frequency 
dependant on the sensed load. 

The reactive element may be seiectively switched into or out of the resonant circuit to alter 
the apparent inductance or capacitance of the reactive element to thereby tune or de-tune 
the resonant circuit 

In a preferred embodiment the method includes sensing the phase of a voltage or current 
in the resonant circuit and electrically connecting or disconnecting the reactive element to 
or from the resonant circuit dependant on the sensed phase. The reactive element may 
be electrically connected to the resonant circuit a predetermined time period after a 
sensed voltage zero crossing. 

The method may include sensing the frequency of the resonant circuit activating a 
switching means to electrically connect or disconnect the reactive element to or from the 
resonant circuit dependant on the sensed frequency to alter the natural resonant 
frequency of the resonant circuit. 

The sensed frequency may be compared with a nominal frequency to allow variation of 
the predetermined time period to tune the resonant circuit toward or away from the 
nominal frequency. 

If the reactive element comprises an inductor, then the method may Include activating a 
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switching means to connect the reactive element to the resonant circuit after the 
predetermined time period following a voltage zero crossing has elapsed, and allowing the 
second switching means to be deactivated when the voltage again reaches substantially 
zero. The predetermined time period is preferably selected from a range between 
substantially 0 electrical degrees and substantially 1 80 electrical degrees, and most • 
preferably from a range between substantially 90 electrical degrees and substantially 150 
electrical degrees. 

If the reactive element comprises a capacitor, then the method may include activating a 
switching means to electrically disconnecting the reactive element from the resonant 
circuit a predetermined time period after a sensed voltage zero crossing. The 
predetermined time period is preferably selected from a range between substantially 0 
electrical degrees and substantially 90 electrical degrees. 

The invention may also broadly consist in any new part feature or element disclosed 
herein, or any new combination of such parts, features or elements. 

DRAWING DESCRIPTION 

One or more examples of an embodiment of the invention will be described below with . 
reference to the accompanying drawing in which: 

Figure 1 is a diagram of the basic structure of a known ICPT system, 
Figure 2 is a diagram of a pick-up circuit topology including a variable inductor for an 
ICPT power supply, 

Figure 3a -3c show current waveforms of the controlled inductor of Figure 2 with 

reference to the pick-up coil voltage, 
Figure 4 is a plot of equivalent inductance change against delay angle for the 

controlled inductor of Figure 2, 
Figure 5 is a diagram of a pick-up circuit topology including a variable capacitor for 

an ICPT power supply, 
Figure 6 is a simplified circuit diagram of the circuit of Figure 5, 
Figure 7 is a graph of equivalent capacitance against Q factor for the circuit of 

Figure 6, 

Figures 8a-8b show the voltage and current waveforms relating to the controlled variable 
capacitor of Figure 5, 

Figure 9 is a perspective view of a device including a lumped primary conductive 
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Claims 

1 • An ICPT pick-up having a pick-up resonant circuit including a capacitive element and 
an inductive element adapted to receive power from a magnetic field associated with 
a primary conductive path to supply a load, sensing means to sense a condition of 
the load, and control means to selectively tune or de-tune the pick-up in response to 
the load sensed by the sensing means by varying the effective capacitance or 
Inductance of the capacitive or the inductive element of the pick-up circuit to control 
the transfer of power to the pick-up dependant on the sensed load condition. 

2. A pick-up as claimed in claim 1 wherein the control means includes a reactive 
element and a switching means to allow the reactive element to be selectively 
electrically connected to the pick-up circuit 

3. A pick-up as claimed In claim 2 wherein the control means Is operable to control the 
switching means so that the apparent capacitance or inductance of the reactive 
element is varied to thereby tune or detune the pick-up circuit 

4. A pick-up as claimed in any one of claims 1 to 3 wherein the sensing means senses 
20 the power required by the load. 

5. A pick-up as claimed in any one of claims 2 to 4 Including phase sensing means to 
sense the phase of a voltage or current in the resonant circuit whereby the control 
means may actuate the switching means to allow the reactive element to be 
electrically connected to or disconnected from the resonant circuit dependant on the 
sensed phase. 
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30 
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A pick-up as claimed in claim S wherein the reactive element comprises an Inductor, 
the phase sensing means senses a voltage in the resonant circuit and the switch 
control means is operable to switch the.switching means to electrically connect or 
disconnect the inductor to or from the resonant circuit a predetermined time period 
after a sensed voltage zero crossing. 

A pick-up as claimed in claim 4 or claim 5 including frequency sensing means to 
sense the frequency of the resonant circuit whereby the control means may actuate 
the switch means to allow the reactive element to be electrically connected to or 
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cape* o, vaotog to. prodetermtoed .me pedod betoaren subsrantiallylio dedrical 
degrees and substantially 150 electocal degrees. 
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. *mta* and the switching means comprise two controiiabie semiconductor 

switching elements, one switching eiement being connected between each terminal 
and the resonant circuit lerminai 

ZT a Tr d ,n C ' a,m 24 Where ' n e3Ch swi ^ dement has an anti-paraiie. 
diode connected thereacross. - H*<««<ei 

A Pick-up as Calmed in ciaim 24 or claim 25 wherein the semiconductor switch 
elements comprise IGBPs, MOSFETS.or BJTs. 

ZlT Th ? ^ ^ ° f ^ 17 10 21 Where,n *• variabie reactance 
comprises the tuning capacitor of the resonant circuit 

28. An ICPT system Including: 

a. A power supply comprising a resonant converter to provide aitematlng currentto 
a primary conductive path of the ICPT system; 

b. One or more secondary pick-ups. each pick-up having a pick-up resonant circuit 
including a capacitive eiement and an inductive eiement adapted to rec^e 
pcwerfrom a magnetic fieid associated with a primary conductive path to suppiy 

sele ^tuneorde-tunethepick-upinresponsetotheloadsensedbythe 
sensing means by varying the effective capacitance or inductance of the 
capacKv e dement or the induce element of the pick-up circuit to contrc, the 
. transfer of power to the pick-up dependant on the sensed load condition 



29. 



30. 
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An ICPT system as claimed In claim 28 wherein the primary conductive path 
comprises one or more turns of electrically conductive material. 

™1TI k^T C,a ' med da ' m 29 Wh6re,n *« Primaf y ^"^e path is 
provided beneath a substantially planar surface. 

An ICPT system as ciaimed in Calm 28 wherein the primary conductive path includes 
at ^astone region about which there is a graater magnetic field strangth than one or 
more other regions of the path. 
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41. 



one orm T" "T^ **" 28 ^ path Includes 

one or more lumped Inductances or one or more distributed Inductances 

An ICPT system as claimed In any one of claims 28 to 32 wherein the nriman, 

rjnr™ °i ciaime<i in " , «'•"**- » * » »» pick-up 

XIT" 83 °~ °' otal ™ 28 to 34 «*— ■» **** * 

An ICPT w ,en M ^ one „ ^ 28to 3 4 ^ 

includes a super-capacitor. P 

Amethod for controlling power, drawn by an ICPT pick-up. the method including the 
the p,ck-up circuit depending upon the sensed load condition. 

A method as claimed in claim 37 or claim 38 wherein the step of tuning or detunina 
theplck-upclr^ 

A method as claimed In any one of claims 37 to 39 Including the step of sensina the 
frequency of a current or voltage In the resonant circuit. Ste P of8ens, "9** 

A method as claimed In claim 40 Including the step of comparing the sensed 
nrwKn™^ 

towa* or away from the nomina. frequency dependant on the sensed ,oad. 
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swltn d 38 Cl ? ed ^ ° f C ' a,mS 37 10 41 ,ndudln S steps of selectively 

A method as Calmed «n Calm 42 Inoludlng sensing the phase of a voltage or current 
In the resonant circuit and electrically connecting or disconnecting the reactive 
element to or from the resonant circuit dependant on the sensed phase. 

l^r? 8 C ' a '7 d daim 43 Wh6re,n "* Ph3Se ° f 3 V0lta 9 e 18 and the 

time penod after a sensed voltage zero crossing. 

A method as claimed In any one of claims 42 to 44 Including sensing the frequency 
o the resonant drouit activating a switching means to eiectricalty connect or 
disconnect the reactive element to or from the resonant circuit dependant on the 
sensedfrequency to alterme nature, resonant frequency of the resonant 

frequenoy wth a nommal frequency and varying the predetermined time period to 
tune the resonant circuit toward or away from the nominal frequency. 

A method as claimed in any one of Cairns 42 to 46 InCudlng activating a switching 
means o connect the reactive eiement to the resonant circuit after me predetermined 

>** f0 " 0W ^ 3 -ssing has eiapsed, and a,,ow ing ~ 

switching means to be deactivated when the vo«age again reaches suLn«T 

A method as claimed in any one of claims 42 to 47 including selecting the 
predetermined time period from a range between substantially 0 electrical degrees 
and substantially 180 electrical degrees. «nca. degrees 

A method as claimed In any one of Calms 42 to 47 InCuding selecting the 
predeterm.ned tone period from a range between substantially 90 electrical degrees 
and substantially 150 electrical degrees. 9 
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J50. A method as claimed in claim 43 including sensing the phase of a voltage and 
electrically disconnecting the reactive element from the resonant circuit a 
. predetermined time period after a sensed voltage zero crossing. 

51. A method as claimed in claim 50 wherein the reactive element comprises a capacitor 
and the predetermined time period is selected from a range between substantially 0 
electrical degrees and substantially 90 electrical degrees. 

52. A pick-up substantially as herein described with reference to any one of the 
embodiments illustrated in the accompanying drawings. 

53. An ICPT system substantially as herein described with reference to any one of the 
embodiments illustrated in the accompanying drawings. 

54. A method for controlling power substantially as herein described with reference to 
any one of the embodiments illustrated in the accompanying drawings. 



TSPEC4309864 



Amended Sheet 
IPEA/AU 



